Abstract Primary sinonasal tract mucoepidermoid carcinomas (MEC) are uncommon tumors that are frequently misclassified, resulting in inappropriate clinical management. The design of this study is retrospective. Nineteen cases of MEC included 10 females and 9 males, aged 15-75 years (mean, 52.7 years); males, on average were younger by a decade than females (47.2 vs. 57.7 years). Patients presented most frequently with a mass, obstructive symptoms, pain, and/or epistaxis present for a mean of 12.6 months. The majority of tumors involved the nasal cavity alone (n = 10), maxillary sinus alone (n = 6), or a combination of the nasal cavity and paranasal sinuses (n = 3) with a mean size of 2.4 cm. Most patients presented at a low clinical stage (n = 15, Stage I & II), with only 4 patients presenting with Stage III disease. Histologically, the tumors were often invasive (bone or perineural invasion), with invasion into minor mucoserous glands. Surface involvement was common. The neoplastic cells were composed of a combination of squamoid cells, intermediate cells, and mucocytes. Cystic spaces were occasionally large, but the majoritywere focal to small. Pleomorphism was generally low grade. Necrosis (n = 5) and atypical mitotic figures (n = 6) were seen infrequently. Over half of the tumors were classified as low grade (n = 11), with intermediate (n = 4) and high grade (n = 4) comprising the remainder. Mucicarmine was positive in all cases tested. Immunohistochemical studies showed positive reactions for keratin, CK5/6, p63, CK7, EMA, and CEA in all cases tested, while bcl-2 and CD117 were rarely positive. GFAP, MSA, TTF-1, and S100 protein were non-reactive. p53 and Ki-67 were reactive to a variable degree. MEC need to be considered in the differential diagnosis of a number of sinonasal lesions, particularly adenocarcinoma and necrotizing sialometaplasia. The patients were separated into stage I (n = 9), stage II (n = 6), and stage III (n = 4), without any patients in stage IV at presentation. Surgery occasionally accompanied by radiation therapy (n = 2) was generally employed. Six patients developed a recurrence, with 5 patients dying with disease (mean, 2.4 years), while 14 patients are either alive (n = 9) or had died (n = 5) of unrelated causes (mean, 14.6 years). MEC probably arises from the minor mucoserous glands of the upper aerodigestive tract, usually presenting in patients in middle age with a mass. Most patients present with low stage disease (stage I and II), although invasive growth is common. Recurrences develop in about a third of patients, who experience a shorter survival (mean, 6.5 years). The following parameters, when present, suggest an increased incidence of recurrence or dying with disease: size C4.0 cm (P = 0.034), high mitotic count (P = 0.041), atypical mitoses (P = 0.007), mixed anatomic site (P = 0.032), development of recurrence (P = 0.041), high tumor grade (P = 0.007), and higher stage disease (P = 0.027).
Introduction
Carcinomas arising within the sinonasal tract (nasal cavity and paranasal sinuses) are not infrequent occurrences. Adenocarcinoma, specifically, is separated into salivary gland-type and non-salivary gland-type (Table 1) [1] [2] [3] [4] . The latter is divided into two major categories: intestinaltype and non-intestinal type. Further, intestinal type adenocarcinoma is separated into a variety of different subtypes, the separation yielding a clinical significant difference in outcome. Adenocarcinomas of sinonasal tract can originate from the respiratory epithelium or the underlying mucoserous glands, with the majority arising from the mucoserous glands (60%) [5] . Specifically, mucoepidermoid carcinoma (MEC) is thought to arise from the minor mucoserous glands which lie within the mucosa, below the respiratory-type epithelium of the nasal cavity and paranasal sinuses. However, MEC in these anatomic sites is uncommon, resulting in potential diagnostic dilemmas because of their varied clinical and histological manifestations. MEC in this anatomic region is seldom seen by general surgical pathologists, accounting for \0.1% of primary malignant neoplasms in this anatomic region. The varied clinical behavior, treatment alternatives, and long-term patient prognosis of the different grades of MEC play a role in diagnosis and management for major salivary gland sites. While there have been a few series, the information is often included with general discussions about carcinoma of the sinonasal tract, about MEC in the head and neck [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] , or is limited to case reports in the English literature (Table 2 ) [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] . Therefore, there is no large comprehensive evaluation of primary sinonasal tract MECs with respect to their histomorphology, immunohistochemical reactivity, clinical behavior, and treatment outcomes. We undertook this study in an attempt to identify any specific features that can be used to separate tumors within the sinonasal tract or suggest a specific clinical management or prognostic outcome.
Materials and Methods
The records of 26 patients with tumors diagnosed as MEC of the nasal cavity and paranasal sinuses (sphenoid, maxillary, ethmoid, and frontal sinuses) were selected. The cases were retrieved from the files of the Otorhinolaryngic-Head & Neck Tumor Registry of the Armed Forces Institute of Pathology (AFIP), Washington, DC, between 1970 and 2002 and from the authors' consultation cases. However, 7 patients were excluded from further consideration because either: (1) paraffin blocks were unavailable for additional sections or immunophenotypic analysis; or (2) the original submitted case did not have sufficient demographic information supplied from which to obtain adequate follow-up information. The 19 patients that comprised the subject of this study were chosen from a review of 25,269 (0.075%) benign or malignant primary sinonasal tract tumors seen in consultation during this time. Needless to say, these tumors are rare. Fourteen cases were obtained from civilian sources, including university medical centers and foreign contributors, 3 cases from military hospitals, and 2 cases from Veterans Administration medical centers.
Patient files were supplemented by a review of: demographics (gender, age); symptoms, physical findings, and duration at presentation, including mass, nasal obstruction, polyps, difficulty breathing, changes in breathing, epistaxis, discharge, chronic rhinosinusitis, pain, headaches, nerve paralysis, visual changes; and past medical and surgical historyies In addition, we reviewed radiographic, surgical pathology, and operative reports and obtained follow-up information by direct written or oral communication with the referring pathologist, the patient's physician, oncology data services and tumor registries, or the patient (or patient's relatives). Follow-up data, available for all patients, included information regarding tumor location, presence of recurrent disease, treatment modalities used, and the patient's current clinical status. Since most samples were submitted in a fragmented fashion, definitive margins The macroscopic pathology observations noted within this study were gathered from the individual gross descriptions of the neoplasms given by the contributing pathologists. Hematoxylin and eosin-stained slides from all cases were reviewed, with specific histologic features annotated as follows: exact tumor location; lateralization; tumor size (greatest dimension in centimeters); tumor encapsulation (presence or absence); tumor extension (bone or soft tissue); architectural pattern of growth (solid, papillary, cystic, infiltrating, glandular); cell population (mucocytes; epidermoid; transitional); surface origin; surface ulceration; presence or absence of necrosis; perineural invasion; lymph-vascular invasion; tumor cellularity (low, moderate, or high); cellular pleomorphism (mild, moderate, severe [anaplastic]); presence of nucleoli; mitotic figures (number of mitotic figures per 10 high-power fields [magnification at 409 with a 109 objective lens using an Olympus BX41 microscope]); atypical mitotic figures (present or absent, and defined by abnormal chromosome spread, tripolar or quadripolar forms, circular forms, or indescribably bizarre); and the presence of other microscopic pathologic findings in the remaining tissues. Alive, no evidence of disease (n = 7) 2.7
Alive, with disease (n = 4) 2.5 Mucicarmine stain was performed using standard methodologies. Immunophenotypic analysis was performed in all cases with suitable material by a standardized Envision TM method employing 4 lm-thick, formalin-fixed, paraffin-embedded sections. Table 3 documents the pertinent, commercially available immunohistochemical antibody panel used. These antibodies were chosen specifically to characterize the epithelial components of the tumor, to test if these tumors have a similar pattern of reactivity seen in major salivary gland MECs, and to determine which antibodies may be helpful in the differential diagnosis. The analysis was performed on a single representative block for each primary tumor. Epitope retrieval was performed, as required by the manufacturer guidelines. Standard positive controls were used throughout, with serum used as the negative control. The antibody reactions were graded as absent to weak (0 to 1?), moderate (2? to 3?) and strong (4?) staining, and the fraction of positive cells was determined by separating them into four groups: \10, 11-50, 51-90, and [90%, especially for the proliferation markers.
A review of publications in English (MEDLINE, 1966-2011) was performed, with all cases reported as MEC of the sinonasal tract included in the review [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] . However, many cases were excluded if the lesion arose primarily in the oral cavity or parotid gland and extended into the sinonasal tract, or represented a different tumor type (hamartoma, squamous cell carcinoma, primary sinonasal tract adenocarcinoma), or if the information was too generalized and non-specific to make a meaningful interpretation of the demographics, histologic features, or patient outcome [8, 9, 11, 13, [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] .
Statistical evaluation was performed using a standard statistics software package with categorical variables analyzed using Chi-square tests and Fisher's Exact tests to compare observed and expected frequency distributions.
Comparison of means between groups were made with independent t tests (including 1-tailed and 2-tailed tests with degrees of freedom) or one-way analysis of variance, depending on whether there were two groups or more than two groups, respectively. Confidence intervals of 95% were generated for all positive findings. The alpha level was set at P \ 0.05.
Results

Clinical
The patients included 10 women and 9 men (Table 4) . Their ages ranged from 15 to 75 years of age, with an overall mean age at presentation of 52.7 years (median, 58.0 years). The average age at presentation for women was older than men, at 57.7 and 47.2 years, respectively, but it was not statistically significant (P = 0.236). Patients most frequently presented with a mass within the nasal cavity/paranasal sinuses (n = 10), with the majority (n = 6) also showing obstructive symptoms, including difficulty breathing, and chronic sinusitis. Other symptoms included pain (n = 5), ophthalmologic symptoms (n = 4), and epistaxis (n = 1). Diplopia, proptosis, and visual field changes encompassed the reported ophthalmologic symptoms. Most patients presented with more than one symptom while there were no asymptomatic patients. By definition, none of the tumors were centered in the oral cavity or parotid gland. The duration of symptoms ranged from 1 to 60 months, with an average of 12.6 months. On average, women (mean, 13.5 months) experienced a slightly longer duration of symptoms than men (mean, 11.8 months), but this finding was not significant (P = 0.842). When separated by anatomic site, the mean duration of symptoms varied significantly: Nasal cavity alone: 8.2 months; maxillary sinus alone: 12.4 months; combination of nasal cavity and sinuses: 33 months. However, due to the limited number of cases in each group, there was no statistical significance (P = 0.167). One of the nasal cavity alone tumors had epistaxis, a symptom which dictates immediate clinical assessment. Mixed site tumors tended to be associated with non-specific obstructive symptoms (such as sinusitis), which progressed to a mass lesion eventually. There was no statistically significant difference in survival based on duration of symptoms (P = 0.318).
Pathologic Features
Macroscopic
The tumors ranged from 0.7 cm up to 4.6 cm in greatest single linear dimension (Table 4) , with an average size of 2.4 cm. Tumors were submitted in multiple fragments in most cases, precluding an evaluation of margin status. There were 9 each of right-and left-sided tumors, respectively, with a single tumor involving both sides. Left-sided tumors (mean, 2.8 cm) were larger than rightsided tumors (mean, 2.1 cm), but this was not statistically significant (P = 0.234). Similarly, male patients had larger tumors than female tumors (mean, 2.6 versus 2.2 cm), but this was also not significant (P = 0.482). The tumors were on average progressively larger as more anatomic sites were involved, a difference that approached statistical significance: nasal cavity alone: mean, 2.0 cm; maxillary sinus alone: mean, 2.4 cm; mixed: mean, 3.7 cm (P = 0.084). The majority of cases presented with tumors confined to the nasal cavity (n = 10) or maxillary sinus alone (n = 6), with the remaining three cases involving more than one area (maxillary sinus, nasal cavity, and orbit). Based on the clinical presentation, endoscopic evaluation, radiographic findings, and intraoperative observations, the cases were placed in appropriate stage, utilizing current staging criteria [42] . Nine patients had stage I disease, 6 patients stage II, and 4 patients stage III. No patients at presentation were included in stage IV. Due to the anatomic site of involvement, specific tumor macroscopic features were not well-described. The tumors were described as pale, white, yellow to reddish-tan, showing a glistening, mucinous, myxoid to honey-comb appearance. Some of the fragments were gritty, no doubt related to fragments of bony tissue normally present in turbinate tissue or samples removed via curettage of the sinuses.
Microscopic
The presence of both mucocytes and an epidermoid component is requisite for the diagnosis of MEC. Further, there is an intermediate cell component that is present in these tumors, and is often the more common finding ( Fig. 1 ). These cells are thought to be between basal cells and the epidermoid/polygonal cells. They are usually slightly larger than lymphocytes, containing scant cytoplasm, but can present as larger forms. At the outset, it is important to note that well-defined ''squamous'' differentiation is not a feature of MEC. Intercellular bridges, obvious keratinization, dyskeratosis, and keratin pearl formation is generally not present. Therefore, the term ''epidermoid'' is used because it describes the features resembling squamous epithelium, without being identical.
Only one case showed a suggestion of encapsulation; otherwise, all of the remaining cases failed to show any capsule formation (Table 5 ). This is an expected finding in a minor salivary gland location. Most of the tumors showed areas of invasion (n = 15), while 2 cases did not and another 2 could not be assessed for invasion due to the fragmented nature of the specimens. Perineural invasion was present in 4 cases and lymph-vascular invasion was identified in only 1 case. The overlying surface mucosa showed ulceration and erosion in a few cases, with surface involvement in 6 cases. It is difficult to determine with certainty whether the tumor was arising from the surface or invading into the epithelium. Pseudoepitheliomatous hyperplasia (PEH) was quite extensive in 3 cases as a welldefined hyperplastic mucosal squamous epithelial proliferation immediately overlying the tumor. Interestingly, the tumors invaded into and destroyed the adjacent minor mucoserous glands (n = 8), while in others it pushed or surrounded the glands without destruction (n = 6). The remaining cases did not show a specific relationship to the mucoserous glands (n = 5). Cysts were present characterized as: large spaces filled with mucinous material and lined by epithelium (n = 5); small spaces showing mucinous debris in the lumen (n = 8); or dilated duct-like spaces containing mucinous and inflammatory debris (n = 6; Fig. 2 ). Needless to say, a well-defined definition of what constitutes the size of a cyst is lacking in the literature. In general, if 10 or more tumor cells would fit into the space, it was interpreted to be a ''cyst'' (this is an arbitrary definition). Rarely, papillary or pseudopapillary structures could be seen within the cystic spaces. If the cysts were only focal, these cases were classified as being \20% cystic (as defined in the World Health Organization modified grading scheme [43] , Table 6 ). Extravasation of the mucin into the adjacent tissue was not uncommon, focally eliciting an inflammatory and fibroblastic-type response (Fig. 3) . Occasionally, pools of mucin were detected several high-power fields away from the main proliferation. A true ''foreign-body'' type giant cell Severe 5
Necrosis present (P = 0.100) 5
Mitotic figures Present 11
Mean ( reaction was not detected. Necrosis was present in five cases, comprised of necrotic debris, similar to comedo-type necrosis, but it was not statistically significantly correlated with patient outcome (P = 0.100). Ghost outlines of cells were not a feature seen. Fibrosis and desmoplastic stroma were present but tended not to be a dominant or significant finding (no sclerotic or hyalinized variants were identified). A prominent lymphoid infiltrate was not seen (i.e., no tumor associated lymphoid proliferation [TALP]).
Mucocytes were present in all cases, as required for the diagnosis. These cells contain epithelial mucin within their cytoplasm (Fig. 4) . The classic appearance is that of a mucocyte, showing a goblet shaped cell with a nucleus compressed to the periphery by abundant foamy to cleared cytoplasm. The cytoplasm is frequently slightly bluish, with a bubbly appearance. In a number of instances, special stains (mucicarmine [ Fig. 5 ], Alcian blue) were required to highlight the intracytoplasmic mucin (not extracellular mucin). Mucocytes comprised\10% of the overall volume of the neoplastic cells, a significant finding if evaluating limited or incisional biopsies. The mucocytes were frequently identified lining the cystic spaces, but were also present within the duct-like structures, in isolation within the tumoral proliferation, and on the surface. Obviously, mucocytes on the surface epithelium can be identical to Fig. 2 Goblet cell formation could be seen within transitional epithelium and forming small, papillary projections Therefore, it may be these cleared cells contain glycogen or another substance. Cellular pleomorphism was separated into mild (n = 5), moderate (n = 9), and severe (n = 5); and only severe pleomorphism was interpreted to represent anaplasia (Fig. 6) . Mitotic figures were present, ranging from 0 to 31 mitoses per 10 high-power fields (HPFs). However, no mitoses (per 10 HPFs) were seen in 8 cases and only 1 mitosis/10 HPFs was seen in 5 cases, suggesting that mitotic figures are not frequent. There were 4 cases with high mitotic counts ([20 mitoses/10 HPFs), a finding which was statistically correlated to a worse outcome (P = 0.041). Atypical mitotic figures were present in 6 cases, a finding which was also statistically significantly correlated with a worse outcome (P = 0.007). Bone invasion was detected in two cases, but this finding was not associated with a poor outcome.
Utilizing the accepted grading criteria (Table 6 ), the tumors were separated into low (n = 11), intermediate (n = 4), and high grade (n = 4). The majority of tumors were in the low grade category, and, when combining low and intermediate grade, 15 cases fell within this designation. However, when separated in this fashion, there was only a trend towards a statistically significant association with an overall worse outcome (P = 0.081). However, when the groups were stratified by Grade 1 versus Grade II and III combined, there was a statistically significant difference in outcome (P = 0.007).
Immunohistochemistry
The neoplastic cells were immunoreactive with pan-keratin in all cases tested (Table 7) . Further, all of the cases showed strong diffuse reactivity with CK5/6 (Fig. 7) . There was a topographic distribution of the reactivity, with the more basal and parabasal zones of the tumor (basal to intermediate cell population) being preferentially highlighted. In contrast, CK7 showed a more random staining pattern (Fig. 7) . Two cases showed isolated CK20 positive cells, but this was not a dominant or diffuse finding. p63 was strongly and diffusely immunoreactive in the nuclei of the epidermoid cells in 92% of the cases tested. Epithelial membrane antigen was strongly positive in most cases (93%), while the goblet-type mucinous epithelium was highlighted with CEA. One case showed isolated cells positive with GFAP. CD117 was present in a few of the intermediate cells in 5 cases, while blc-2 was positive in 3 cases. S100 protein was positive in 2 cases. Vimentin was positive in the epithelial cells (intermediate type) in 6 cases. There was a lack of staining with TTF-1 and with muscle specific actin. The nuclei of the neoplastic cells were highlighted with p53 in about 5-10% of cells with a heavy deposition in 6 cases (Fig. 8) . A [5% ki-67 index was detected with a 4? nuclear immunoreactivity in 3 cases (Fig. 8 ).
Treatment and Follow-up
All patients were managed with surgery as the initial management modality. The types of procedures varied based on the specific anatomic site of involvement. Excision, wide local excision, maxillectomy, and exenteration were employed to remove the primary tumor. Two cases had an initial excision followed by wide excision a few weeks later; this was still interpreted to be part of the initial management. Two patients were further managed with radiation a few weeks after surgery (600 cGy each). No patients were managed with chemotherapy. Six patients (5 males and 1 female) developed a recurrence (Table 8 ). The recurrences developed within 1 month to as long as 76 months later. Of these, 1 involved the nasal cavity, 2 involved the maxillary sinus, and 3 involved multiple sites. These six cases were evenly divided between grade 1 (n = 2), grade 2 (n = 2), and grade 3 (n = 2) tumors. The tumors were predominantly stage III (n = 4), with one each of stage I and stage II. Four of the patients died with disease (mean, 1.8 years), while 2 were alive without evidence of disease. Interestingly, these two patients were both young (26 and 33 years, respectively). The development of recurrence was statistically significantly associated with a worse outcome (P = 0.041).
Overall, there was an excellent long-term survival, with overall 11.3 years of average follow-up for the 19 patients (Table 9 ). Five patients died with disease (local or with distant metastases), an average of 2.4 years after diagnosis. This is in sharp contrast to those who were either alive or had died but without evidence of disease at last follow-up (average, 14.6 years). There was a difference in patient outcome when stratified by age, with patients\60 having a slightly better overall survival than those who were C60 years of age, although this was not statistically significant (P = 0.408). There was a statistically significant difference in survival when stratified by tumor size, using 4 cm as a cutoff (P = 0.034). Patients with tumors in more than one anatomic site did have a worse overall outcome (mean survival, 3.7 years), when compared to the rest of the anatomic sites (mean survival, 12.8 years), but in our series this did not reach statistical significance (P = 0.107). There was no independent increased risk of a poor outcome when there was either perineural invasion higher grade tumors were more likely to die from disease: 6.25% of patients with Grade I tumors, 50% of patients with Grade II tumors, and 33% of patients with Grade III tumors, died of disease, respectively. In other words, comparing patients with Grade I tumors to a combination of patients with Grade II and III tumors, shows that of the former group, 6.3% died with tumor (4.4 years) versus 50% of the latter group dying of tumor (mean survival, 1.84 years), respectively, a finding which reached statistical significance (P = 0.007). Finally, patients with high stage tumors had a much worse outcome when compared with low-stage tumors: Mean overall survival was 1.8 years for stage III tumors compared to 13.9 years for stages I and II (P = 0.012). Furthermore, 100% of patients with Stage III tumors died of disease, versus 7% for stage I and II tumors combined.
Discussion
The sinonasal tract is infrequently affected by adenocarcinoma. When present, they are separated into salivary glandtype adenocarcinomas and non-salivary type adenocarcinomas. The salivary gland-type neoplasms of the sinonasal tract are very uncommon, but include adenoid cystic carcinoma, MEC, acinic cell carcinoma, epithelial-myoepithelial carcinoma, myoepithelial carcinoma, polymorphous low-grade adenocarcinoma, clear cell carcinoma, and carcinoma ex-pleomorphic adenoma. Benign salivary gland neoplasms are less common than malignant tumors, and include pleomorphic adenoma, myoepithelioma, and oncocytoma. Of the malignant neoplasms, MEC is the second most frequent (after adenoid cystic carcinoma). Overall, MEC accounts for \0.1% of all malignant sinonasal tract neoplasms.
Clinical
Combining the 19 cases from this clinical series and the 19 cases from a review of the pertinent literature (Table 10) , there does not seem to be a gender difference. However, men seemed to be more likely than women to die from their disease: 1 of 14 females died after 2 years (7%) compared to 7 of 21 males who died (mean, 2.3 years; 33%), although this did not reach a significant probability (one tailed = 0.0691). Patients ranged in age from 15 to 83 years, with a mean age at present of 56.8 years. There was no difference in mean age at presentation between the sexes. Similarly, patients who are older than 60 years of age are more likely to die from disease than younger patients: 6 of 19 (32%) patients [60 years died of disease; 2 of 19 (11%) patients \60 years died of disease, but this did not reach significance (one tailed = 0.0948). Patients presented with basically non-specific symptoms, including obstructive symptoms, a mass lesion, ophthalmologic symptoms, and epistaxis as the most frequently noted signs and symptoms. Symptoms were usually present for about 10 months, suggesting the non-specific nature of the presenting signs and symptoms. Interestingly, when symptoms were stratified by anatomic site affected, mixed sites of presentation experienced symptoms for a longer duration (33 months) than cases involving the nasal cavity alone (8.2 months) . This may be accounted for by the easier access to nasal cavity lesions than sinus lesions.
Tumors involved a single site (nasal cavity, maxillary sinus, or ethmoid sinus) more often than multiple sites. In general, tumors were on average 2.4 cm in greatest dimension, without a side predilection. As would be expected, nasal cavity tumors were smaller (mean, 2.0 cm) than mixed site tumors (mean, 3.7 cm). Not surprisingly, patients with other than nasal cavity alone tumors (whether maxillary sinus alone or mixed locations) tended to have a worse outcome than patients with nasal cavity only tumors (P = 0.032). Likewise, patients who had a tumor C4 cm were more likely to die of their disease than patients with tumors \4 cm (P = 0.034). In general, most patients presented with low-grade tumors: 16 patients with Grade I tumors; 9 patients with Grade II tumors; 13 patients with Grade III tumors (combined with cases from the literature). Patients with higher grade tumors were more likely to die from disease: 6.25% of patients with Grade I tumors, 50% of a patients with Grade II tumors, and 33% of patients with Grade III tumors, died of disease, respectively. When combined, Grade I tumors compared to a combination of Grade II and III tumors, then 6.3% died with tumor (4.4 years) versus 50% dying of tumor (mean survival, 1.84 years), a finding which reached statistical significance (P = 0.007).
Most patients presented with low stage disease. The higher the stage of disease, the more likely patients were to die from disease, a finding with statistical significance (P = 0. If a patient developed recurrence, they were also more likely to die from disease, a finding which reached statistical significance (P = 0.041). Fourteen patients developed local recurrence, while 19 patients did not. Recurrences were identified anywhere from 1 to 5 years after original presentation. Of the patients with recurrence, 50% died of disease (mean, 2 years). In contrast, only 5.3% of patients died of disease (mean, 4.5 years) in patients who did not develop a local recurrence. In our study group of patients, of the 6 patients with recurrence, 67% died from disease at a mean of 1.8 years after diagnosis (Table 8) . Patients with mixed tumor sites were more likely to develop a recurrence, while 83% of patients with a recurrence were men. There were too few patients in this subset to perform a meaningful statistical evaluation.
Overall, when combined with the literature, 64.7% of patients were either alive or had died without evidence of disease, with a mean follow-up of 10.4 years (Table 11 ). This is in contrast to the 35.3% of our patients who were either alive or had died with disease, with a mean followup of 2.4 years. Overall, the disease-free survival rate at 5 years is 41.2%; however, 64.7% were alive or had died without evidence of disease at last follow-up (mean, 10.4 years). Of the 12 patients who had disease at last follow-up, there was an average of 2.4 years of follow-up. Therefore, in general, if recurrence was to develop, it would be most likely to occur within the first 2 years after intervention, and the patients who died with disease, died an average of 2.3 years after diagnosis. There is an overall raw 5-year survival rate of 44.1% and a raw 10-year survival rate of 20.6%.
Although difficult to achieve given the anatomic confines of the region, wide excision is the treatment of choice. Clear margins are very difficult to assess in many cases, but are considered to be a reliable indicator of surgical extirpation. In this clinical series, no reliable information could be obtained on margin status, and so this postulation cannot be further evaluated. Radiation therapy was only employed in a very limited number of patients, with mixed results: One patient with radiation therapy died of disease in 2.0 years, while the other patient managed with radiation died without evidence of disease 21.1 years later. Therefore, a definitive statement about the effectiveness of radiation therapy in sinonasal tract disease is not reliable.
Pathology Features
MEC probably arises from the minor mucoserous glands of the upper aerodigestive tract, although there was surface epithelial involvement in six patients in this series. It is always difficult to determine with certainty whether the tumor was invading into or arising from the surface epithelium. There was also significant PEH in 3 tumors. Therefore, it would seem that the surface epithelium may Alive, no evidence of disease (n = 16) 9.6
Alive, with disease (n = 4) 2.5 be involved as a reaction to the neoplasm rather as than the source of the neoplasm. MEC in this anatomic site is invasive by definition, even though a well-demarcated periphery may be seen. Tumors infiltrate into the adjacent parenchyma, soft tissues, bone, and mucoserous glands, while infrequently displaying perineural or lymph-vascular invasion. As perineural invasion is the only one of these two criteria (lymph-vascular and/or perineural invasion) used in the grading system, this may partially explain the greater number of tumors in the low-grade category. We arbitrarily used more than 10 tumor cells' size as a criteria for the definition of a 'cystic space.' If this criteria were met, we defined the tumor as having cysts. If it was not, then the tumor was considered 'non-cystic.' Most of the neoplasms had enlarged lumen of glands, but only 5 tumors showed large cystic spaces. Although there is no well accepted definition of cysts, we believe this more stringent criteria allows the grading of the tumors to be more meaningful.
Necrosis was identified infrequently (n = 5). However, 66% of patients developed a recurrence when necrosis was present, and 60% of patients had died with disease. Even though this did not reach statistical significance in this study, it must be viewed as a significant finding, since it is also used in the overall grading system. In general, mitoses were infrequently identified. However, when increased (by definition, [ 4/10 HPFs), this finding was independently correlated to a worse outcome (P = 0.041), even though it is also used as part of the overall grading system. Similarly, atypical mitoses, when present, were correlated to a much worse clinical outcome (P = 0.007). In tumors with atypical mitoses present, 50% of patients developed recurrence; p53 is well known to be increased in malignant or premalignant neoplasms, showing a gradient of increased nuclear staining as the tumor becomes less well-differentiated. However, in this series, while six patients showed 4? strong and diffuse reaction in the tumor nuclei, this finding did not correlate to patient outcome. However, the presence of p53 expression may help with separating other lesions in the differential diagnosis from MEC, especially on small biopsies.
The immunohistochemistry results are similar to those of major salivary gland studies, which document pan-keratin, CK5/6, and p63 reactivity, while EMA shows a more limited expression. CK7 was only focally expressed, a finding helpful in separating high-grade tumors from other lesions in the differential diagnosis. CEA and CK20 were only noted within mucocytes. The remaining antibodies were appropriately positive or negative, respectively, as would be expected for MEC in other sites and with other tumors included in the differential diagnosis.
Differential Diagnosis
Given the anatomic site, MECs must be distinguished from the more aggressive variants of squamous cell carcinoma, especially adenosquamous carcinoma, and from adenocarcinoma and necrotizing sialometaplasia (NS). Distinction can usually be made based on the pattern of growth, presence of an intermediate cell population, proclivity for small, focal cyst formation, and the presence of a blended population rather than two distinct populations. NS will usually have a lobular growth without an invasive pattern. Overlying pseudoepitheliomatous hyperplasia may blend with the areas of necrotizing sialometaplasia to yield a ''pseudo-invasive'' appearance. In general, NS and PEH do not have increased expression of p53, a finding which may help with separation between these lesions and MEC. This interpretation problem is usually only seen in superficial or shave-type biopsies. If a mass lesion is described clinically, it is better to be cautious and state ''atypical squamoproliferative lesion'' and suggest that a deeper or larger biopsy be performed before embarking on definitive therapy. Sinonasal tract adenocarcinomas, especially the intestinal type adenocarcinomas, do not have squamoid features or an intermediate cell population. Many of the intestinal type adenocarcinomas will have CK7, CDX-2 and/or CK20 immunoreactivity, while they are not usually immunoreactive with CK5/6. MEC infrequently show CK20 immunoreactivity, but are not known to express CDX-2 [44] . In addition, the two patterns of growth between these tumors are not usually a problem. Adenocarcinoma (non-intestinal type) does not have epidermoid or intermediate cells and so can usually be diagnosed without difficulty.
Adenosquamous carcinoma (ASC) is a high grade variant of squamous cell carcinoma composed of an admixture of squamous cell carcinoma and adenocarcinoma. There are some who propose that ASC is a high grade MEC [45] . By definition the tumor demonstrates biphasic components of adenocarcinoma and squamous cell carcinoma, with an undifferentiated cellular component in several tumors [46] . However, the squamous differentiation is usually confirmed by pavemented growth with intercellular bridges, keratin pearl formation, dyskeratosis or individual cell keratinization, features usually absent in MEC. The two carcinomas in ASC may be separate or intermixed, with areas of commingling and/or transition of the squamous cell carcinoma to adenocarcinoma. The ''undifferentiated'' areas between the two distinct carcinomas are often composed of clear cells. There is no true adenocarcinoma and distinctly separate squamous cell carcinoma in a mucoepidermoid carcinoma [47] .
Finally, pleomorphic adenoma (PA) may occasionally show a mixture of squamous areas and mucocytes, although the background myxochondroid matrix material should help with the separation. It is important to remember that MEC may have S100 protein and GFAP immunoreactivity in a few cases. Therefore, when interpreting immunohistochemistry results, especially if obtained on a small biopsy, it is important to consider MEC in the differential with PA in the sinonasal tract region. However, in general, both diagnoses are usually made without the application of immunohistochemistry studies.
Summary
MECs probably arise from the minor mucoserous glands of the upper aerodigestive tract. Patients are usually in middle age, without a gender predilection, and present with a mass lesion accompanied by non-specific symptoms for usually less than 1 year. Most patients present with low stage disease (stage I and II), although invasive growth is common. Recurrences develop in about one-third of patients, usually within 2 years and these patients experience a shorter survival (mean, 6.5 years). Surgery is the treatment of choice with clear margins if possible. The differential diagnosis includes NS, adenocarcinoma, and ASC in the SNT region. The following parameters, when present, suggest an increased incidence of recurrence or dying with disease: size C4.0 cm (P = 0.034), high mitotic count (P = 0.041), atypical mitoses (P = 0.007), mixed anatomic site (P = 0.032), development of recurrence (P = 0.041), high tumor grade (Grade II or III; P = 0.007), and higher stage disease (P = 0.027).
